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ABSTRACT  - This paper focuses on estimating the petro physical characteristics as porosity, 
permeability and water saturation of Bantui formation. The formation is considered to be a reservoir rock 
in Rakuba depositional sub-basin. The properties have been estimated by analyzing and interpreting open 
hole logs of three wells. The raw log data were processed using Interactive Petro physics software version 
3.5(IP v 3.5). Density-neutron cross plot logs was interpreted in order to estimate shale volume and 
porosity. The resistivity logs were corrected so that water saturation can be calculated with reasonable 
accuracy. Water saturation has been estimated using Archie's equation and the permeability has been 
calculated using Timur’s equation. As a result of applying this methodology, Bentiu’s formation porosity 
was found to be a good porosityas far as permeability are concerned, average porosity in Bentiu's 
formation 20%, permeability ranges from 0 to264 m.D, and water saturation value 100%.as final point 
Bentiu can be considered as a good reservoir but regrettably it is full of water. 
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صلختسملا- ل ةيئايزيفلا صاوخلا ديدحت يف ةيملعلا ةقرولا هذه زكرتويتناب نوكتم ةيذافنلا، ةيماسملا لثم ,ءاملا عبشت . نكمي
رابتعا نوكتملا  روخصيعرفلا يبوسرلا ةبوكار ضوح بيسرت يف نمكم . تانايب ريسفتو ليلحت قيرط نع صاوخلا مييقت مت
 تلايجسترابلآا  ثلاثلرابآ ب مادختساجمانربInteractive Petro physics version 3.5 ماخلا تانايبلا ليلحت يف.  مت
سرلا ريسفتم ةيماسملاو لفطلا ةيمك باسحو ديدحتل نورتينلاو ةفاثكلا يليجست  نيب عطاقتملا. ليجست تاءارق حيحصت مت
ةيلاع ةقدب ءاملاب عبشتلا باسح نم نكمتل ةمواقملا.لداعم مادختساب عبشتلا باسح متيشرا ة .ك نم ةيذافنلا باسح مت ام
ت ةلداعممير.  قيبطتبةيذافنلا ردقلا سفنب ةديج ةيماسم يلع يوتحي ويتناب نوكتم نا دجو،قرطلا هذه. ةميق ةطسوتملا ةيماسملا
 ويتناب نوكتمل02 % و ويتناب نوكتم ةيذافنيب حوارتتن  يلا رفص062  ءاملاب عبشتلا ةميق و ، يسراد يلم022.% يفريخلأا 
ءاملاب امامت عبشم ظحلا ءوسل نكل ديج نمكم ويتناب نوكتم رابتعا نكمي. 
 
INTRODUCTION 
Studying physical rock prosperities (petrophysics) 
plays main role in oil industry around the world, 
which distinct reservoir formation from other 
formations, then determine is the rock has storage 
capacity or hasn’t, moreover, fluid types are 
defined and their percentages. In this stage initial 
oil in place is easily estimated. So then formation 
Producibility must be known. 
Although well logging consider the first technique 
in determining petrophysics, according which well 
logging data are gathered, analyzed, and 
interpretated. As a result of the technique values of 
porosity, water saturation, and permeability are 
well estimated. Then reservoir can be described 
clearly. Many technical papers ware published, 
which are focusing into petrophysics study, as 
example: They had estimated reservoir properties 
in Oshioka field based on data from two wells 
using geophysical well logs, the results carried out 
with petrel and hydrocarbon data system 
[5]
. The 
results correlated with mud log and geology 
information and found that porosity and 
permeability values form hydrocarbon bearing 
reservoir are good enough for commercial 
accumulation in the Niger delta. 
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They had evaluated the formations in the KG-5 
which is a vertical well drilled to evaluate an 
exploration prospect in the onshore “Green Field” 
Niger Delta 
[15]
. Used a conventional suite of 
wireline logs including gamma ray, calliper, sonic, 
density, neutron, dual laterolog and micro-SFL 
resistivity were acquired for formation evaluation 
purposes.  
Data from six well which are (well logging and 
core data) to evaluate the petrophysical properties 
of shaly sand reservoir in Palouge-Fal oilfield 
,Mult basin ,South Sudan 
[12]
. Also they introduce 
the spectral gamma ray log as new method to 
identify the reservoir quality. 
Determined petrophysical properties of Assam 
Arakan Basin, India 
[13]
. They used open-hole 
logging tools such as gamma ray, neutron density, 
resistivity and caliper logging tools to determine 
the petrophysical properties of reservoirs. 
Petrophysical parameters such as effective porosity 
(Φ), water saturation (Sw), formation water 
resistivity (Rw), hydrocarbon saturation (So) and 
true resistivity (Rt) were being evaluated using the 
well log data. They conclude that Quantitative 
porosity and water saturation values obtained from 
Petro-physical well log analysis are good enough 
for hydrocarbon production. 
The objectives of this study are to review available 
data, identify the different lithological units, 
complete a quantitative estimation of clay volume, 
porosity and saturation; determine the permeability 
and Provide average reservoir properties of 
porosity, saturation, and provide a summary report 
on the well results. 
Overview of study area and pervious work: 
Rakuba sub-basin is located in Block (C) and lies 
in the southwestern part of Sudan covering an area 
of approximately 65,750 square kilometers. It 
remains largely an under explored region in Sudan 
country adjacent to a proven prolific oil production 
trend of the northwest-southeast trending Muglad 
basinand eastern extension of Doba, Doseo, 
Salamat basins in Chad and Central Africa 
Republic. Figure 1 illustrates concision blocks. 
 
Figure 1: Study area (Block C) 
 
The earlier suggestion supposed that the Sudanese 
interior basin does not contain commercial 
quantities of hydrocarbon reservoir fluids 
according to Agip company reports in 1959; in 
Seventeenth of the 20 century the space geological 
exploration (satellites) supposed that Sudanese 
basins may contain great quantities of hydrocarbon 
fluids.In 1979, chevron overseas company started 
Study area 
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exploration in south west of Sudan, resulting in the 
first oil discovery in the Sudan interior basins 
[14]
. 
The Muglad Basin is a large rift basin in Northern 
Africa. The basin is situated within 
southern Sudan and South Sudan, and it covers an 
area of approximately 120,000 km2 across the two 
nations. It contains a number 
of hydrocarbon accumulations of various sizes.   
Tectonics in Muglad Basin is highly complicated 
by faulting. Seismic data suggest large numbers of 
tensional faults have affected the overall basin and 
have defined several sub-basins, and structures. 
These sub-basins show significant variation in age 
of formation complexibility and size 
[1]
. 
The sub-basins distributed around Muglad Basin are 
Rakuba sub-basin, Sufyan sub-basin, Ogr sub –
basin, Nugara sub-basin, Hiba sub-basin, Sharaf- 
Abu Gabra ridge, El-fula sub-basin and Bamboo 
sub-basin. 
The depocentre is extended to the south parallel to 
the Sharaf-Abu Gabra ridge and rises regionally up 
to the west and south west. The eastern area 
contains major faults at the basement which treding   
NW-SE, parallel to the axis of the main complex
 [10]
. 
The Stratigraphy in Rakuba sub-basin is nearly 
similar to Muglad Basin, The Stratigraphy column 
includes interbedded sandstones, siltstones and 
shales ranged in age from lower cretaceous to 
recent, have been deposited under fluvio-lacustrine 
conditions Figure 2. 
wells drilled in Rakuba sub-basin display a thick 
sequence of interbedded sandstones and shales, the 
principal reservoir horizons are limited to the Abu 
Gabra formation, Bentiu formation and possibly the 
sandstone within Darfur group. 
 
 
 
 
 
Figure 2: Typical formation consequences in Rakuba sub basin. 
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The stratigraphic sequence encountered in the two  
The Bentiu formation however shows porosities of 
between 13-24% averaging 21%, and sandstone 
thickness averaging 9’ [10]. 
 
MATERIAL AND METHODS 
In this study, log data sets from three wells 
(Falah1, Najah1, and Rabah1) were utilized to 
characterize the petrophysical properties. Logs 
data (density log, neutron log, and resistivity log) 
were gathered from wells. 
In order to get a clear estimation of parameters 
interactive petrophysics 3.5 (IP v3.5) software was 
used. The following paragraphs give good concept 
of internal process which applied in data. 
Shale volume determination: 
The outstanding method of computing shale 
volume is to use Neutron Density cross-plot 
technique, provided very important values: [18] a 
clean sand line is typically established using the 
common sandstone parameters for density (2.65  
   ) and neutron (       where as a clay line is 
established from dry solid point (density =2.3 2.85 
      neutron  0.1-0.4(to the 100%porosity fluid 
point. See Figure 3. So then shale volume for 
Bentiu formation is estimated by: 
      
                                                         
                                                                 
     (1) 
Where, Dencl1&Neucl1 and Dencl2&Neucl2 are 
the density and neutron values of the ends of the 
clean lines. Figure 4 illustrates the shale volume 
parameters for Bentiu formation in well Najah1, 
which have been determined statistically using 
cross plot and compared with the histograms for 
neutron, and density individual. 
Porosity: 
Porosity can be determined from density, neutron 
and sonic individually or from cross plot. The 
neutron –density cross plot is the best method for 
determine porosity. The effective porosity for the 
mineral mixtures was calculated from the 
Individual mineral porosities according to equation 
2. 
 
Figure 3:  Typical frequency cross plot for neutron 
porosity vs. density [5]. 
 
       
         
                     
       (2) 
          : Density porosity for matrix mineral 
1m     : Density porosity for matrix mineral 
2,     : Neutron porosity for matrix mineral 
1,    : Neutron porosity for matrix mineral 2. 
 
Water saturation: 
Archie’s equation is the basis for essentially all 
saturation determination methods, mentioned [2] an 
equation for determination of water saturation in 
clean sand as 
    
   
    
 
                                       (3) 
   = resistivity of connate water 
(    ),    =Resistivity of uninvited formation 
(   ), m = cementation factor set to 2 in the 
simple case 
n = saturation exponent, set to 2 in the simple case, 
a = constant, set to 1 in the simple case. 
 
Formation water resistivity: 
Formation water resistivity can determined from 
equation 4:  
   
      
   
                                    (4) 
where;       Resistivity of mud 
filtrate,      Resistivity of flushed zone, The 
value of    and   must be corrected by 
temperature from using  
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(A)  
    
 
(B)                                                                 (C) 
Figure 4: (A) Neutron-Density cross-plot for Bentiu formation in well Najah1 compared to (B) Neutron 
histogram, and (C) Density histogram. 
 
 
                                 (5) 
 
where;    =water resistivity at formation, 
temperature (    ),    =water resistivity at 
surface, temperature (    ),    =surface 
temperature (  ) 
  =formation temperature (  ) 
 
                                        (6) 
where;   =formation temperature,  =formation 
depth 
   
      
  
                                     (7) 
where;    Geothermal gradient,     =bottom 
hole, temperature from well logging,    =surface 
temperature,   =total depth. 
 
Permeability: 
Permeability controls how fluid can migrate 
through the reservoir. Permeability plays an 
important role in subsurface fluid flow studies, 
being one of the most important quantities for the 
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predictions of fluid flow patterns. Commonly, the 
permeability increases with increasing porosity, 
increasing grain size and improved sorting. The 
estimation of permeability fields is however 
critical and necessary for the prediction of the 
behavior of contaminant plumes in aquifers and 
the production of petroleum from oil fields. 
It is not possible to measure the permeability 
directly from well logs, In this study the Timur’s 
equation 8 Oil equation which are experimental 
relations have been used to calculate the 
permeability due to lack of valuable core 
permeability’s. [4], [7] 
       
     
     
                             (8) 
Where; K = permeability,    = effective 
porosity,    = irreducible water saturation. 
 
RESULTS 
According to methods described in above sections. 
Data have been processed. Figures 5 - 7, and tables 
2 through 4 represent the petrophysical properties 
which have been obtained from processing. Table 
1 illustrates formation interval. 
 
TABLE.1BENTIU FORMATION THICKNESS THROUGH 
WELLS 
Well name Top Bottom thickness 
Najah-1 1430 2061 631 
Falah-1 1746 2310 546 
Rabah-1 1807 2693 886 
 
DISCUSSION 
Bentiu formation shows the maximum thickness 
inRabah-1(886m) and minimum thicknessFalah-
1(546m). The upper section of Bentiu formation is 
sandstone and shale interbedded, and the lower 
section is considerably sandstone with interbedded 
shale. Shale has resistivity ranges from (4-
12ohm.m) and density range from (2.19-2.3g/cm3), 
and sandstone has density vary from (2.2-
2.4g/cm3), resistivity range from (6-13ohm.m) and 
low GR. 
All wells were penetrated Bentiu formation; Table 
1 shows its interval. Results in Tables 2, 3 and 4 
show balanced trend parameters, thus Bentiu 
formation can be describe as a homogeneous 
formation has shale volume of 30%, average 
porosity of 20%, which agreed with 
[10]
. 
Permeability varies from 0 to264 md. So it is a 
good reservoir 
Saturation results which appear in Tables 2 to 4 
show that formations are full saturated with water. 
This indicates another output; either wells drilled in 
wrong locations so they penetrate water zones in 
spied of oil zones, or the fields are already empty 
from oil. Porosity results in Rabah-1 which located 
in Tables 4 show that effective porosity and total 
porosity are equal in both formations. This reflects 
to a secondary porosity operations. 
 
CONCLUSIONS 
The qualitative well log interpretation was studied 
through a correlation to display the homogeneity 
and similarity of the log responses in the different 
rock units. The physical properties of Bentiu 
formation were studied; the logs responses of this 
formation indicate the response of changing 
lithologies represented by sandstone and shale. 
The density neutron techniques have been the ideal 
two curves shale indicator method to calculate the 
shale volume. Porosity can be estimated in sand and 
shale formations using different methods (sonic, 
neutron and density and the combination method 
(neutron density cross  
plot). The porosity obtained from each method 
including shale effect is called effective porosity. 
The saturation can be determined from various 
methods, but the simple method used to calculate 
the water saturation is Archie’s equation. 
Permeability estimated from well log using Timur’s 
equation, which is a function in effective porosity 
and water saturation. 
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TABLE 2: ILLUSTRATE PETROPHYSICAL PARAMETERS FOR BENTIU FORMATION IN NAJAH1. (STATISTICAL) 
 
 
 
 
 
 
TABLE 3: ILLUSTRATE PETROPHYSICAL PARAMETERS FOR BENTIU FORMATION IN FALAH1. (STATISTICAL) 
 Vsh% PHIT% PHIE%   % K,md 
Min 6 10 5 100 0 
Max 57 25 22 100 122 
average 30 18 15 100 87.9 
 
TABLE 4: ILLUSTRATE PETROPHYSICAL PARAMETERS FOR BENTIU FORMATION IN RABAH1. (STATISTICAL) 
 Vsh% PHIT% PHIE%   % K,md 
Min 5 12 12 100 8.7 
Max 57 26 26 100 223 
average 31 19 19 100 90.6 
 
 
  
 
 
 
 
 
 
 
 
 
 Vsh% PHIT% PHIE%   % K,md 
Min 10 13 11 100 112 
Max 60 31 27 100 264 
average 31 24 19 100 7.22 
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Figure 5: Petrophysical parameters for Bentiu formation (Najah-1) 
 
 
 
 
 
Figure 6: Petrophysical parameters for Bentiu formation (Falah-1) 
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Figure 7: Petrophysical parameters for Bentiu formation (Rabah-1) 
 
 
 
 
 
 
